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am. sMA^ Aiimmci OX cacaQTSTs 818 suitablo 
for uso in the producdon of ketones by the 
15 contnmous catalytic dehydrogenation of 
^condaiy alcoholk including a wide variety 
of metals, metal o^es and mixtores thereof. 
For example ketones such as acetone, 
methyl ethyl ketone and dietiiyl ketone may 
20 be prepared &om die coire 5 pon(^ second* 
aiy alcohois fay dehydrogenation in tiie 
presence, as caklyst, of a metal such as 
copper or zinc or an aUpy thereof sodi as 
brass. Oxides of many metals or mixtures 
25 of metals and oxides of the same or differ- 
ent metals, as for example oxides or 
mixtures of oxides supported on copper, 
zinc or brass are also suitable. If d^ibed 
tile oxMe ^talysts can be supported on inert 
30 materials sudti as pom^ majolica or porce- 
lain which take no significant part in the 
reaction and act merely as medmnical 
ports for the catalyticEdly active mateiiaL 
Alloys of copp^ ind zinc may advantag- 
35 eously be us^. particularly those whi^ 
have b^ pkkted in mineral add or for 
exami^ acetic add to prodtice a granular 
catalyst having a catalytically active outer 
layer. Many of tibcse dehydrogenation cata- 
lysts have aln^y been proposed for use 
[Price "'T 
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tween 380 and 420** C initially, rising to 
say 480 to 500*" 'C as the reaction proceeds. 

reat^ou may be effected und^ atmos* 55 
{^eric or superatmospberic pressures sadh 
as up to about 5 to 10 atmospheres. Sodi 
tubular reactors may take a van^ of forms, 
and may include tiie case in whi^ some of 
the tul^ contain no catalyst and serve €0 
primarily to vaporise the liquid alcoholic 
feed. It wiU be appreciated that other forms 
of reactor may also be used, as for example 
a sLn^e reactor containing eitiier a fixed ot 
a fluidised bed of catalyst 65 

Although the luooess is carried out in the 
vapour phase it is couvenieitily started up 
hy passing the liqu^ feed through the whole 
of the reactor whidi is gradually heated 
to reaction temp^ature. In the case, for 70 
example^ of a tubular reactor the land 
referred to above, which is l^ted by hot 
gases, the last row of tubes will ht the first 
to reach working temperature and conse- 
quently vaporisation of the alcoholic feed 75 
will occur in those tubes first As the plant 
heats up the liquid/vapour intatece moves 
back thn)u^ the tubes until, under reaction 
conditions, vaporisation will be taking place 
in the first row of tubes and vapour phase 80 



40 





PATENT SPECIFICATION • 817,622 

/m’tfBtor:— WmiAM EDYVBAN. . 




On/e of fiUng Complete SpedfiaUion, : Jan. IS, 1958. 
Aj^lieation Date : MarA 4, 1957, So. 7126 (67. 



OoTnplde Sjieeifieafion PvblUibed : Aug. 6, 1959. 



Index at Aoeeptonea : — CDasses 1(1), ASB(1 : 2X) ; and 2(8), G3AI4A(1A : IB : ?B). 
Intonatfanal fllaiwHin iiann • — MU- ODTo. 



COMPLETE SPBaPlCATION. 

Imprcrroxnants in or relating to Catalytio Proc^^ lor Pi^padng 
Ketones from Secondary Alcohols. 



We. ‘‘Shell” Research Limited, a 
British Campany, of a. Helen's Court, 
Great St Helen’s. London, RC3, do hereby 
declare the invention, for which we pray 
5 that a patent may be granted to us, and the 
method by which it is to be pedk>rmed, to 
be pa^culaily described in and by 
following statement: — 

The present invention relates to the pre- 
ID paration ketones from secondary alcohols, 
by a process in which dehydrogenation is 
^ected catalytically. 

A lai;p number catalysts are suitable 
for use in the production cti ketones by the 
15 continuous catahrtic dehydrogenation of 
secondary alcohol^ indadi^ a wide variety 
of rnemls, metal oxides and mbctuies thereof. 
For example ketones suc^ as acetone, 
methyl ethyl ketone and diethyl ketone may 
20 be pr^>ared from the oorresponicting seomd- 
aiy uodiols by dehydrogenation in tite 
ixes^toe, as catalyst, of a metal such as 
copper or zinc or an alloy diereof sudi as 
brass. Oxides of many metals or mixtures 
25 of metals and oxides of the same or differ- 
ent metals, as tor example oxides or 
mixtures of oxides supplied on coi^>er, 
zinc or brass are also suitable. If d^lred 
the oxide catalysts can be supported on inert 
30 materials sndi as pum^, majc^ica or porce- 
lain which take no significant part in the 
reaction and act merely as medianical sup- 
ports for the catalytically active material 
Alloys ot copper and zinc may advantag- 
35 eously be us<^ particularly mose whi^ 
have been pkkkd in minera] add or for 
exami^ acetic add to produce a granular 
catalyst having a catalytically active outer 
layer. Many of these i^ydrogenation cata- 
40 lysts have already been proposed for use 

[Price 



in ketone |HX>duction, and many proposals 
have been made tor in^moving thp 
initial activify of such catalysts. 

The prepa^cm cff i^toi^ by catalytic 
ddQrdfo^nation of secondary alrobc^ may 45 * 
be carried out by passing the appropriate 
secondary alcohol in vapour toim ti^ugh 
a reactor consisting of, for exaumle^ a bank, 
of tubes containing the dehydrogenation 
catalyst the tubes bSng heated to a reaction 60 
temperature lying between about 300 and 
500'' C. : thus the ten^wzature may be be- 
tween 380 and 420" Q initzaify, rising to 
say 480 to 5(X>" C as the reaction proc^ds. 

The reaction may be effected und^ atmos- 55 
pheric or superatmospherk pxessoies such 
as up to about 5 to 10 atmo^heres. &di 
tubular reactors may take a vme^ offmms^ 
and may indnde tiie case in whi& some of 
the tubes contain no catalyst and serve 60 
pdmarfiy to vapodse the liqi^ alcdioHc 
feed. It wffl be appreciated other forms 

reactor m^ also be used,, as for example 
a sin^ reactor containing either a fixed or 
a fiuidised bed of cstdiy^ 65 

Although the process is i^iried out in the 
vapour phase it is convenienify started up 
passing the liquid feed tinough tile whole 
the reactor whidi is gradually heated 
to reaction temperature. In fte case, tor 70 
example^ of a tubular reactor of the kind 
refen^ to above, whicdi is heated by hot 
gases, the last row of tubes will be the first 
to i^^ch woiking temperature and oonse^ 
quently vaporisation <n the alcoholic feed 76 
win occur in timse tubes first As the ^ant 
heats up the liquid/vapour interface moves 
back thiou^ the tubes untO, und^ reaction 
conditions, vaporisation will be taking idace 
in the first row of tubes and vapour itiiaso 80 
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ketone conv^skm will be occurring in all 
the cataljrst-containhig tubes, though mainly 
in the later row or rows of tubes. It win 
be appreciated that ketone production occurs 
5 gradually as waim«*up proceeds and as the 
catalyst reaches worio:^ temperatures. Such 
a warm-up pedod, which indudes the initial 
condition in whic:^ liquid alcoholic feed 
contacts substantially the whole of tte 
10 catalyst, will hereinaj^ be referred to as 
the “initial stages” of the process. 

As in the case of many catalytic reactions 
carried out on a technical scale, the activity 
of the dehydrogenation catalyst used in 
15 aliphatic ketone production ten^ to d^ne 
during the course of the process and h is 
usual in practice giadualty to raise the reac- 
tion temperature as the reaction proceeds 
in ord^ to compensate for ibis dedine in 
20 activity. There is however a limit to the 
extent to which the reaction temperature 
can be raised and consequently it has hither- 
to been nece^aiy to stop the reaction ^iien 
the maximum working temp^ature has been 
25 reached and to remove the catalyst and 
either to regenerate it or to replace it with 
fresh catalyst altogether. Thus, for example, 
in processes tot tile preparation of acetone 
from isoprof^l alcohol using a brass spelter 
do catalyst it has been fom^ necessa^ to 
remove the catalyst at intervals and to pickle 
it in mineral add in order to remove surface 
impurities and to expose a fresh catalytically 
active surface. It is particularly desirable 
35 to im{^ve the activity of the catalyst so 
as to increase the conversion obts^ble 
t^rewith and since the removal and r^ener- 
ation of the catatyst also adds to the cost 
of ketone production it is also desirable to 
40 reduce this expenditure as far as possible by 
improving tiie nature of the catatyst or the 
reg^eration treatment so as to prolong the 
period before regmieration is required. 

It has now been found possible to activate 
45 catalysts used in ti^ de^drogenation step 
of ketone production in sffa. 

Aocordingty the present inveMion pn> 
vides a continuous vapour phase catalytic 
dehydrogenation process for the preparation 
50 of a ketone from a secondary alcohol in 
whidi the catalyst is activated by contacting 
it with the secondary alcohol in a liquid 
state and containing at least one metal com> 
pound which will decompose to form a 
55 catalyticalty active deposit on the catatyst 
The compound or compounds contain 
in the secondary alcohol during catalyst 
activation in aocordamre with the preset 
invention is preferably a salt or salts 
60 (advantageousty an organic add sak or salts, 
for examine a salt or salts of acetic add) 
of the catalyst metal (or ol one or more of 
the catalyst metals if faere is more than one 
catalyst metal) v^ch win decompose subse- 
65 quently to deposit a catatytic^y active 



compound of the metal or metals, usually 
an oxide, on the catatyst. thus increasing the 
activity of said catal>^ in use. 

The catalyst is usuai^ activated in accord- 
ance with me present invention at intervals 70 
during operation of the plant, for example 
at periodic intery^ of between 500 and 
1000 hours. ^ A significant improvement in 
catalyst activity is Hereby obtained, the 
ptalyst being activated in situ in the reactor 75 
in such a maimer that there is no possi** 
bility of the nKtal compound or compounds 
deposited on the surface of the catalyst beiiig 
removed by the liquid startii^ 
during the initial stages of the process. Also 80 
there is no danger of the catalj^cally active 
material deposited on the surface of tiie 
catatyst being removed accidentally in the 
handling and chaiging opmtions which 
would otherwise be required if the catatyst 85 
was activated in a separate operation effected 
outside the reactor, quite apart from the 
advantage the activation in situ is more con- 
venient and less costly than activation in 
such a separate operation. Moreover, it has 90 
be^ found that a greater amount of cata- 
tyticaHy active matmal can be deposited on 
the catalyst when the treatment is carried 
out in situ in the reactor in accordance with 
the present invention and that as a result 95 
of the treatment the activity of fae catalyst — 
as represented by the degree of convention 
which can be achieved therewith—is signi- 
ficantly enhanced. 

However it is also within the scope of the lOO 
present invention to effect catalyst regenera- 
tion in a catalytic process as ^fined above 
by interrupting the process, allowing the 
I^nt to cool down to below the vapori^tion 
temperature of the liquid feed (such temper- 105 
ature being shove the ambient temperature), 
and thereafter treating the catalyst with saU 
metal compound or compoiuMJs in tte 
manner denned above du^g the initial 
stages of the subsequent run. 110 

The total amount of said cmnpound or 
compounds added^ either in the imtial acti- ’ 
vation of the catalyst or . in a ^bsequent 
regeneration treatment (e.g. in tiie m an ner 
just defined), may be between 1 and 10, 115 
e.g. about 6 to 7 pounds per ton of catalyst 
in use. 

When a metal salt or a plurality of metal 
salts is employed h is convenient to add tiie 
salt or salte to the secondary alcohol in 120 
a^eous ^lution, although addition in an 
alcohol-miscible non-aqueous medium is 
also possible providing appropriate metal 
compounds are used. 

The process of the present invention is 125 
particulariy suitable for the production of 
tile lower alqihatic ketones from secondary 
alcohols containing up to about 4 carbon 
atoms in the molecule. The alcctiicti feed 
may be substantially anhydrous or it may 130 
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be in admixture with water, as an azeo- 
trope or constant boiling mixture. Such 
constant boiling mixtures are usuHlIy formed 
in the Industrie preparation of the alcohols 
5 by hydration of the corresponding olefines 
and consequently can convenient be used 
as fecdsto^ for ketone production. 

In general the dehydrogenation catalysts 
which can be used in the prep^tion of ali- 
10 {^tic ketones firoin aliphatic secondary 
alcohols in accordance with the present 
invention contain one or more metals such 
as copper, silver, diromii^ manganese, 
nickel, tungsten, cobal^ iron, caamium, 
15 uranium, tin aiKi zinc, either as such or in 
the form of their oxides or hydroxides 
(which may be formed by deoompo^tion of 
the metal salts of organic or inorganic acids), 
and these catalysts may be used alone or 
20 supported on inert materials such as 
kieselguhr. pumice or majolica. The use 
of support materials ^ch as activated 
alumina having deliydrating activity should 
be avoided otherwise dehydration of the 
25 alcohol feed occurs to appreciable 
quantities of olefin as an unwanted by- 
product. A particnlaily suitable support 
for a metal oxide catalyst such as c^>per 
oxide is porcelain. 

30 Whilst Ac present invention in its broadest 
aspect is not concOTcd wiA Ae particular 
catalyst mnployed in Ae detQrdrogenation 
reaction or Ae meAod of preparing Ae 
catalyst, it has been found to be paitica- 
35 larly advantageous when Ae cat^st con- 
tains Ae metals copper and/or zinc or an 
oxide or oxides thereof, which oxides may 
be supported on Ae metals^ or on inert 
supports such as porcelain, for example, in 
40 Ae form of beads or rings. An alloy of 
copper and anc such as brass, for exam^^. 
in Ae form of bra^ spehcr which has been 
pickled in acid to expose a catalytically 
active surface, may al^ be used as Ae 
45 ca^yst and/or sujqKirt _ 

Thus according to a prefetAd feature of 
Ae present invention catalyst activati<m m a 
continuous process for preparing an aliphatic 
ketone from Ae corresponding secondary 
50 alcohol by dehydrogenation thereof in Ae 
presence of a d^drogenation catalyst 
which contains the metals copper and/or 
zinc or an oxide or oxides Aereof. is effected 
adding a :dnc sell and/or copper rail to 
55 tne liquid alcoholic feed supplied in Ae 
catalyst activation stages of the iwoc^. 

The salt is prefer^ly an organic add 
salt, for examine, zinc acetate which has 
been found to be particularly effedive for 
60 activating a brass speher ca^yst used 
example in the production of acetone from 
isoprot^l alcohol and which has been 
pickled in mfeeral acid ptior to being 
charged to the reactor. However, oAer 
65 organic add salts of zinc and/or copper 



may be used, the salts bdng deposited on the 
catalyst during Ae initid stag^ of the 
lu-ocess and thereafter decomposing to give 
Ae oxide. 

The luoccss of Ae present invention may 70 
be illustrated by Ae following Exan^ife: — 

Example. 

Acston was prepared from isopcoi^ol 
using the isopropanol/water constant boiling 
mixture as Ae feedstock. This feedstock 75 
was passed in the vapour phase over a brass 
spelter catalyst in a Abular ^pe reactor 
having narrow tubes of less than 6 inches 
diameter. The catafyst. which had been 
^viously piclded in a mineral add baA, go 
was maintained at about 400^ C during the 
early part of Aie process, Ae temperature 
being raised gradually to a maximinn of 
about 490 to 500“ C as Ae reaction pro- 
ceeded. ^ 

Comparative runs were earned out (a) 
wtAout any in situ caXaifyst treatment and 
(5) with Ae following ti^tment of the 
catalyst: — during Ae initial stages of tiie 
|WOC^ 05 gallon of 10% (by wei^> 90 
aqueous zinc acetate was added to Ae liquid 
fe^ at hourly intervals for a period of 8. 
hours. 

Run (by continued for over 100 hours wiA 
not less Aan a 70 mol per cent conversion. 96 
In run (a), that is, wiAout in jutu catalsrst 
treatment, the process continued for only 
about yOO hours before Ae conversion fcfi 
below 70 mol per cent 

WHAT WE CLAIM IS:— 100 

1. A continuous vapour phase catalytic 
ddiydrogenation process for the preparation 
of a ketone feom a secondary alcohol in 
which Ae catalyst is activated by contacting 

it wiA the secondary alcohol in a liquid 106 
state and oontainhig at least one metal cam- 
pound which win decompose to form a 
catalytically active deposit on the cataly^ 

2. A process as claimed in Claim 1, in 
whidi Ae metal compound is a salt of an 110 
organic add. 

3. A jvocess as claimed in Ae (ueoeding 
in which Ae oi^anic add is acetic 

add. 

4. A process as claimed in ai^ one of 115 
Ae preceding claims in which Ae catafyst 
contains zinc. 

5. A process as daimed m Ae proced^ 
dftitn in which tl^ catalyst is a copper-dne , 
alloy. 

6. A process as claimed m one of 

Ae preceding daims, in v^th Ae metal 
compound contained in Ae secondary 
alconol is a compound of a metal of the 
catalyst. 126 

7. A process as claimed m any one 
the preceding daims in which Ae metal 
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compou^ contained in the secondary ketones as claimed in Qaim 1 substantially 
alcohol is a zinc compound as described herein with special reference to 15- 

, 8 . A process as claimed in any one of the Example, 
the preceding daims, in the wei^t 11 , Ketones whenever prepared by a 
5 of the metal oomponnd or compounds con* process as claimed in any one of the imoced* 
tained in de secondary alcohol is between ing claims. 

1 and 10 pounds per ton of catalyst in use. 

.,9. A process as claimed in the precedmg DOWNES & ROBBINS, 

claim, in whidi the of the metal Chartered Patent Agents, 

10 compound or compounds contained in the St Helen’s Court, 

secondary alcohol is between 6 and 7 pounds Great St Helena 

per ton of catalj^ in use, London, E.C3. 

10, Processes for the preparation of Agents for the Applicants. 

PROVISIONAL SPEOnCATION. 

improvemente in or reiatiiig to Catidytic Froc^cres &>r Fr^iaring 
Kjetones from Secondary Alcohols. 



20 We, “Shell” Research Limited, a 
British CtHnpany, of St Helen’s Court, 
Great St Helen’s, London, E.C3. do hereby 
declare this invention to be described in the 
following statement: — 

25 The present invention relate to the pre- 
paration of o^^-containing org^c 
compounds, such for exam|^ as ketones 
and alcohols, processes in wMch dehydro- 
genation or ^dn^enatlon reactions are 
30 effected catalytically. The mesent invention 
is con^med p^culariy, tnough in no way 
exclusively, with processes for preparing 
ketones by catalytic dehydrogenation of the 
corresponding secondary alcohols and 
35 the activation of cataly^ for use herein 
and in carder to sin^^ description the 
invention will be described in connection 
with sudi raocesses. It will be understood, 
however, mat the present invention is in no 
40 way limited to catalytic dehydrogenation 
reactions and to die activation of catalysts 
for use herein but may be applied for 
examine to catal 3 rtic hydrogenation reac- 
tions, as used for instance in the piepara- 
45 tion of alcohols from ketones, in whic^ 
similar ^rpes of catalysts can often be used. 

A lari^e number of catalysts are suitable 
for use m the production of ketones by the 
ooniinuous caMytic de^drogenation of 
50 secondary alcohoK incl uding a wi^ variety 
of metals, metal o^ddes and mixtures thereol 
For example ketones such as acetone, methyl 
ethyl ketone and diethyl ketone may be 
prepared from the coire^ndinn secondaiy 
B5 alcohols by dehydrogenation in me presw^ 
as catalyst, of a metal such as copper or zinc 
or an alky th«eof such as brass. Oxides 
of many metals or mixtures of metals and 
oxides of the same Of diSetent memls, as for 
60 example oxides or mixtures of oxid^ sup- 
ported on copptf, or brass are also 
suitable. If doited the oxide catalysts can 
be suppOTted on inert materials such as 



pumice, majolica or porcelain whidi take 
no significant part in the reaction and act 65 
merely as mechanical supports for the cata- 
lytically active material. Alloys of copper 
Bpd zinc may advantageously be used, par- 
ticularly those ^xiikh have been pickled in 
mineral add or for examid© acetic add to 70 
produce a gr^ular catalyst having a 
catalytkaHy active outer layer. Many of 
these debyorogenation catalysts have alxeady 
been proposed for use in ketone production, 
and many {HDposals have also been made 75 
for improving the initial activity of such 
catalysts. 

The jarepaiation of ketones by catalytic 
dehydrogenation of secondary akohds may 
be carried out by passing the appropriate 80 
secondary alcohol in vapour form through a 
reactor comprising for example a bank of 
tubes containing tiie ddiydiogenation cata- 
lyst, the tubes being heated to a reaction 
temperature lying between about 300— 500** 85 
C. thus the temperature may be between 
380 and 420“ C Initia^v^^^^ to 
to 500° Gr^aa-tiie’^reactioh proc^ds. The 
reactiojT may be effected under atmospheric 
or su^ratmospheric pressures e.g. up to 90 
about 5 — 10 atmosj^ieres. Such tubular re- 
actors may take a variety of forms, and may 
include the case in which some of the tubes 
contain no catalyst and serve primarily to 
vaporise the liquid alcoholic feed. It will be 95 
appreciated that other forms of reactor may 
also be used, as for example a sing le reactor 
containing either a fixed or a fluidised bed 
of calal^ 

Although the process is carried out in the 100 
vapour phase it is conveniently started up 
by passing the liquid feed throi^ the whofe 
of the reactor which is graduaUy heated to 
reaction temperature. In the case, for 
example, of a tubular reactor of the kind 105 
referred to above, which is heated by hot 
gases, the last row of tubes will be the first 
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to leadi working temperature and con* 
sequently vaporiaition c£ the alcoholic feed 
will occur in those tubes first As the plant 
heats up the liquid/vapour interface moves 
5 back th^gh the tid)es until, under reaction 
conditions, vapoii^tion wOl be taking place 
in the first row of tubes and ^poui tihase 
ketone conversitHi will be occurring ike 
co^yst-containing tubes, though mainly in 
10 the later row or rows of tubes. It will be 
appreciated that ketone production occurs 
as waim*up proceeds and ^ the 
catatyst reaches wori^ temperatures.^ 
wann*op period, which indudea the initial 
16 condition in whidi the liquid feed contacts 
substax^ially the whde of the catalys^ 
herdnafter be referred to as die ‘^tial 
sta^” of the pieces. 

As in tile case of catalytic reactions 
20 carried out on a tedmaml scale, the activity 
of the dehydrog^iation catalyst used in 
ali^^tic ketone production tends to declhm 
during tiie course of the process and it is 
usual in practice gradually to raise the re- 
25 action teuipeiature as the readion prqcee^ 
in order to compensate for this dedine in 
activity. There is however a limit to the 
extent to the reaction temperature can 
be raised and consequently it has hitherto 
30 been necessary to stop tihe reaction when 
the maximum working temp^ture has been 
reached and to remove the catalyst and 
eitiier to r^enerate it or to replace it with 
fresh catalyst ^together. Thus for example 
35 in processes for the prep^tion of acetone 
from isopro^l alcohol using a brass spelter 
catalyst it has been found na«^aiy to re- 
move the catalyst at intervals aiui to pidde 
it in mineral a<^ in order to remove surface 
40 imparities and to expose a fresh catalyt^ 
ally active surface. It is particulaiiy desir- 
abie to improve tiie activity of the catalyst 
so as to increase the conversion obtainable 
therewith and since the removal and re- 
45 generation of tiic catalyst also adds to the 
cost of ketone production it is also desirable 
to reduce tiiis expenditure as fkr as possible 
by improving nature of tiie catalyst 
and/or the r^eneration treatment so as to 
60 prolong the praod before regeneration is 
requir^. 

It has now been found po^le to activate 
or otherwise to improve the nature ctf cata- 
lysts such for cxamjde Jis the dehydiogena- 
65 TOn catalysts used in ketone pfiroduction and 
to effect such improvment or activation of 
the catalyst in situ in the reador by treating 
the cat^st during the initial stages of the 
process with a compound or a plurality of 
60 compounds whidi may be a salt or s^ts 
(advantageously an org^c add salt or salts) 
of the catalyst metal (or of one or more of 
the catalyst metals if more than one catalyst 
metal is present in tiie catalyst) or even of 
65 another metal or metals having dehydrogena- 



tion activi^, ^provided the compound ogr 
compounds is or are such as will deoomp^e 
subs^uen^ to deposit a catatyticfdly active 
compound of the met^ or metals, which is 
usually an oxide thereof, cm the catalyst, 70 
theret^ e nhanpmg the activity said cata- 
lyst in US& 

According to the present inv^ition cata- 
lyst activation is effected in a oemtinnoas 
vapour i^iase catalytic pnoo^ for tile 75 
l^patation of an o^^n-contahnng organic 
ccHnpound from a starting material 
whldi cemtads substantial^ the whole of the 
catalyst in the initial stages of the process 
by oontinuoasly or intermfttentiy adding to 80 
the liquid staimig material supped during 
said initial stages a metal compound or metri 
compounds, which compound or compounds 
decompose to form a catalytically adive 
deposit on ti^ catafyst 85 

According to a particular api^cation of 
the present invention, catalyst activation is 
^ected in a continuous catalytic dehydro- 
genation ^oceas for the pr^faiation of a 
keteme from a secondary alcohol by a dding 90 
to tl^ liquid alcoholic reed suppli^ in the 
initial sta^ of the process a compound of 
a metal having dehydregenatiou activi^ or 
a j^urality of such c<Knpounds, which com- 
pound or compounds be deposited on 05 
the catalyst and will subsequently decom- 
pose duthag the initial stages of m inooess 
to form a catalyticalfy active deporit on the 
catal}rst, tiie addition of said compound or 
ccm^KHinds being made either imerxnittentiy 100 
or continuously to said liquid alcoholic feed 
during imiBl stages of the process. 

The catalyst may be treated in the manner 
just defined at intervals during the process 
for exanmle at periotfic intervals of between 105 
500 andlOOO hours. A significant improve- 
ment in catafyst activi^ is tiieii^ obtained, 
the catalyst being activated in situ in the 
reactor in such a mant^ that tiiere is no 
possibility of the metal conqmund or com- UQ 
pounds deporited on the sutf^e cti the earn- 
est bring removed by the liquid starting 
material during the initial stages of tiie pro- 
cess. Also there is no danger of the (sta- 
lyticaQy active material d^osited on the nfi 
surface of the catalyst being removed 
aoddentally in the handling and charging 
operations whidi would otiierwise be re- 
quired if the catatyst were activated in a 
separate operation effected outside the re- 120 
actor, quite apart from the advantage that 
activation in situ is more conv^iient and less 
cos^ than a^ation in such a separate 
operation. Moreov^, it has been found 
that a greater amount of catalytically active x25 
material can be deposited on (he catafyst 
when the treatment is carried out in sttu m 
ihe reactor in accordance with the present 
invaition and that as a result of the treat- 
ment tile activity of the catalyst — as repre- 130 
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seated by the degree of coavexsion ip^iich 
can be achieved therewith — ^is sigalficactly 
enhanced. 

It is also within the scope of the present 
5 invention to effect catal 3 rst legeneratian in a 
catalytic process as broadly defined above 
by interrupting the process, aHowing the 
plant to cool down to below the vaporisa- 
tion temperature of the liquid feed, and 
10 thereafter treating the catalyst with said 
metal componnd or compounds in Oxo 
manner de^ed above during tiie initial 
stages of the subsequent run. 

The total amount of said compound or 
15 compounds added, either in the initial activa^ 
tion of the catalyst or in a sul»equent re- 
generation treatm^t (e>g. in the mann^ 
just definedX may be betw^ 1 and 10, 
about 6 to 7 pounds per ton of catafyst 
20 When a metal salt or a plorali^ of metal 
salts is or are emplcyed it is convenient to 
add the salt or salts in aqueous solution, 
although addition in an alcohol-miscible 
non-aqueoDs medium is also possibfe pro- 
25 viding appropriate metal compounds are 
used. 

The process of the present invention is par- 
ticularly suitable for the preduction of the 
lower aliphatic ketones from secondary 
30 akohols contaming up to about 4 carbon 
atoms in the molecule. The alcohol feed 
may be substantially anhydrous or it may 
be in admixture with water, e.g. as an 
azeotrope or constant boiling mixture. Such 
35 constant boilu^ mixtures are usually formed 
in the industrial preparation of the akohols 
by hydration of the carresponding olefins 
consequently are conveniently utilised as 
feedstocks for ketone production. 

40 In general the dehydrogenation catalysts 
which can be used in the piepaiation of 
aliphatic ketones from aliphatic second^ 
alcohols in accoidanoe with the pr«ent in- 
vention comprise one or more metals such 
45 as copper, silver, chromium, manganese, 
nickel, tungsten, cobalt, iron, cadmium, 
uranium, tin and zinc, either as such or in 
the form of their oxides or hydroxides (which 
may be formed by decomposition of the 
oO metal salts with organic or inorganic adds) 
and such catalysts may be used as such ot sup- 
ported on inert materials sudi as Ideselguhr. 
pumice or majolica. The use of support 
materials such as activated alumina having 
55 dehydrating activity should be avdded 
otherwise dehydration of tile alcohol feed 
occurs to £^e appredable quantities of 
olefins as an unwanted by-product A par- 
ticidarly suitable support for a metal oxide 
60 catatyst such as co^^per oxide is ptxcelauL 
Whilst the present fevehtion in its broadest 
aspect is not concerned with the particolar 
catalyst employed in the dehydrogenation 
reactiem or the method of preparing the 
65 catalyst it has been found to be particularly 



adv^tageous when the catalyst comprises 
or indu^ the metals copper and/or rinc 
or an oxide or oxides thereof, wbidh oxides 
may be supported on tiie me^ or on inert 
supports such as porcelain eg. in the form 70 
of beads or rings. An all<^ of copper and 
zinc such as brass, e.g, in the form of brass 
spelter which has been pickled in acid to 
expose a catalytically active surface, may 
also be used as the catalyst and/or 75 
suTOort. 

^us according to a preferred feature of 
the present invention ca^yst activation in a 
continuous process for {nepaiing an aliphatic 
ketone from the coires^nding secondary 80 
alcohol by dehydrogenation thmof in the 
presence of a dehydrogenation catalyst whidi 
comprises or includes the metals copp^ 
and/ or zinc or an made or oxides there<^ is 
effected by continuously or intermittentiy 85 
adding a zinc salt and/or a copper sah to 
^e liquid alcoholic feed supplied in the 
initial stages of the process. 

The salt is preC^bly an organic acid salt 
and for exam^ zinc acetate been found 00 
to be particularly effective for activating a 
brass spelter catalyst used for example in 
the prc^uction of acetone from isopropyl 
alcohol and wfaidi has been pickl^ m 
mineral acid prior to being ch^ed to the i>.5 
reactor. However, other organic acid »hs 
of zinc and/or copper may be used, the salts 
being deposited on the catalyst during the 
initial stages of the process and thereafeer 
decomposing to give the oxide. 100 

The process of the Mcsent invMition may 
be illustrated by the following Examj^e: — 

Example. 

Acetone was prepared from isopropanol 
using the isopropanol /water constant boil- 105 
ing mixture as the feedstock. This feed- 
stock was passed in the vapour phase over a 
brass spelter catalyst in a tubular ^e re- 
actor having narrow tubes of less than 6 
Inches diameter, the initial stages of the 110 
process being effected as set for& alx>ve. 

The catalirst, wHdi had been previously 
[Hckled in a mineral add bath, was main- 
tained at about 400** C. during the early part 
eff the process, the temperature being rdsed 115 
gradually to a maximum of about 490--500'' 

C. as the reaction proceeded. 

Comparative runs were carried out (a) 
without any in situ catalyst treatment and 
(5) with tiie following treatment of the 120 
catalyst: — during the fiiitial stages of the 
process 0.5 gallon of 10% (by weight) 
aqueous zinc acetaXo was added to the liquid 
feed at hourly intervals for a period of 8 
hours. 126 

Run (b) continued for over 1000 hours with 
not less than a 70 mol per cent conversion. 

In run (n), Le, without in situ catalyst treat- 
ment, the process continued for oidy about 
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TOO hours before the oonversioo fell bdow 
70 mol cent 

As indicated ptevionsly many of die cata- 
lysts T^erred to above as denydrogenatiw 
5 catalysts can also function as catafysts in 
other reacdons such as hydrogenatkm re- 
actions; for examj^ a anc or brass 
catalyst can be ^ed in die jsodu(tion of 
isopropyl alcohol by hydro^ation 
10 acetcme and it will be understood that the 



^taly^ activation treatmait of the present 
inv^ition may also be used in such cases. 
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